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Continuations

A Program

makeOne
| one |
one := 1.
A one

makeTwo
| one |
one := 1.
N self makeOne + one

makeThree
| one |
one := 1.
N self makeTwo + one
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Continuations

A Program
13 14 15 16
<76> <68> <10> </7C>
pushCon | popintoT | pushTem | returnTop
stant: 1 emp: 0 p:0
makeOne
17 18 19 20 21 22 23
<76> <68> <70> <D0> <10> <B0> <7C>
pushCon | popintoT | self send: pushTem | send: + returnTop
stant: 1 emp: 0 makeOne | p: 0
make Two
17 18 19 20 21 22 23
<76> <68> <70> <DO0> <10> <B0> <7C>
pushCon | popintoT | self send: pushTem | send: + returnTop
stant: 1 emp: 0 makeTwo | p: 0
make Three
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Continuations

/f###——éi

A Program

13

</6>

pushCon
stant: 1

14

<68>

popintoT
emp: 0

15
<10>

pushTem
p:0

16
</C>

returnTop

makeOne
17 18 19 20 _21 22 23
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Continuations

A Program

“~Iu- -~Uo-

pushCon | popintoT

stant: 1 emp: 0
makeThree

19
<70>

self

20
<D0>

send:
makeTwo
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A Program
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Continuations

~ru— -~

pushCon | popintoT

stant: 1 emp: 0
makeThree

19
<70>

self

A Program
17 18 |19 |20
<7/6> <68> <70> <D0>
pushCon | popintoT | self send:

/) stant: 1 emp: 0 makeOne

20 makeTwo

<D0>

send:

makeTwo
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Continuations

A Program

|19

<70>

self

| 20

<D0>

send:
makeOne

21 22 23
<10> | <B0> | <7C> 17 18
pushT | send: | return <76> <68>
3 = ep pushCon | popintoT
stant: 1 emp: 0
' 19 20 makeTwo -
~ru— -~ ":70:" ":Du:"
pushCon | popintoT | self send:
stant: 1 emp: 0 makeTwo
makeThree
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Continuations

A Program

a1 22 (2 17 18 19 20

<10> | <B0> | <7C>
pushT | send: | return <76> <68> <70> <D0>

S'“F': = ep pushCon | poplntoT | self send:
/) stant: 1 emp: 0 makeOne

make Two
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Continuations

A Program

17 18 19 20 . 42 =
<10> | <B0> | <7C>
<7/6> <68> <70> <DO0> pushT | send: | return
pushCon | popintoT | self send: S"‘F': * Top
stant: 1 emp: 0 makeOne || :
make Three (remainder)
make Two
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Continuations

A Program

17 18 19 20 . 42 =
<10> | <B0> | <7C>
</6> <68> <70> <DO0> pushT | send: | return
pushCon | popintoT | self send: S"‘F': * Top
stant: 1 emp: 0 makeOne || :
make Three (remainder)
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Continuations

A Program

17 18 19 20 £1 = 24
<10> | <B0> | <7C>
</6> <68> <70> <DO0> pushT | send: | return
pushCon | popintoT | self send: gmp: * Top
stant: 1 emp: 0 makeOne || :
: make Three (remainder)
makeTwo 19
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Continuations

15
<10>

pushTem
p:0

A Program
13 14
<76> <68>
pushCon | popintoT
stant: 1 emp:0
/’ makeOne
17 18 19 20 £1 £ 24
<76> | <68> |<70> |<D0> || sashr | senth | returm
pushCon | popintoT | self send: gmp: * Top
stant: 1 emp: 0 makeOne | | :
: make Three (remainder)
makeTwo 19 20
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Continuations

15
<10>

pushTem
p:0

A Program
13 14
‘21 |22 <76> <68>
<10> | <BO> pushCon | popintoT
;:-ush"l:':l send: stant: 1 emp: 0
emp: +
/’ makeOne
17 18 19 20 £1 £ 24
<76> | <68> |<70> |<D0> || sashr | senth | returm
pushCon | popintoT | self send: gmp: * Top
stant: 1 emp: 0 makeOne | | :
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Continuations

A Program

13 14
| r <76> <68>
21 22 21 22 23
<10> | <B0> ||<10> |<BO> |<7C> pushCon | popintoT
pushT | send: pushT | send: return stant: 1 emp:0
emp:0 | + emp:0 + Top
//’3 makeOne
17 18 19 20
<76> <68> <70> <D0>
pushCon | popintoT | self send:
stant: 1 emp: 0 makeOne
makeTwo 19 20
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Continuations

A Program

13 14 15
<76> <68> <10>
21 22 21 22 23
<10> | <B0> || <10> | <BO> | <7C> pushCon | popintoT | pushTem
pushT | send: pushT | send: return stant: 1 emp:0 p:0
emp:0 | + emp:0 + Top |
~— makeOne

T

make Two
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Continuations

13 14
<76> <68>
pushCon | popintoT
stant: 1 emp: 0

makeOne
make Two
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A Program

15
<10>

pushTem
p:0

21 22 21 22 23

<10> | <B0> <10> | <B0> | <7C>

pushT | send: pushT | send: return
| emp:0 | + emp:0 | + Top

makeTwo + makeThree (rerﬁainders)

12




Continuations

A Program

13 14 15
<76> <68> <10> r T T
21 22 21 22 23
pushCon | popintoT | pushTem <10> | <BO> <10> | <BO> | <7C>
stant: 1 emp: 0 p:0 pushT | send: pushT | send: | return
emp:0 | + | | emp:0 | + Top |
makeOne h | makeTwo + makeThree (remainders)
makeTwo
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13 14 15
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pushCon | popintoT | pushTem <10> | <BO> <10> | <BO> | <7C>
stant: 1 emp: 0 p:0 pushT | send: pushT | send: | return
emp:0 | + | | emp:0 | + Top
makeOne | makeTwo + makeThree (remainders)
make Two

Software Architecture Group (www.hpi.uni-potsdam.de/swa) 2006-2012 12



Continuations

A Program

13 14 15
<76> <68> <10>
21 2z 21 22 23
pushCon | popintoT | pushTem <10> | <BO> <10> | <BO> | <7C>
stant: 1 emp: 0 p:0 pushT | send: pushT | send: | return
emp:0 | + emp:0 | + Top
makeOne | makeTwo + makeThree (remainders)
make Two

Software Architecture Group (www.hpi.uni-potsdam.de/swa) 2006-2012 12



Continuations

A Program

13 14 15
<76> <68> <10>
21 2z 21 22 23
pushCon | popintoT | pushTem <10> | <BO> <10> | <BO> | <7C>
stant: 1 emp: 0 p:0 pushT | send: pushT | send: | return
emp:0 | + emp:0 | + Top |
makeOne | makeTwo + makeThree (remainders)
makeTwo

Software Architecture Group (www.hpi.uni-potsdam.de/swa) 2006-2012 12



Continuations

A Program

Software Architecture Group (www.hpi.uni-potsdam.de/swa) 2006-2012



Continuations

A Program

13 14 15
<76> <68> <10>
21 22 21 22 23
pushCon | popintoT | pushTem <10> | <B0> || <10> | <Bo> | <7c>
stant: 1 emp: 0 p:0 pushT | send: pushT | send: | return
emp:0 | + emp: 0 + Top
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Continuations

A Program

13 14 15
<76> <68> <10>
B 21 22 23
pushCon | popintoT | pushTem sl For= Ml | Bo =8
stant: 1 emp: 0 p:0 X + one] || pushT | send: | retum
emp: 0 + Top
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Continuations

A Program

13 14 15

<76> <68> <10>

pushCon | popintoT | pushTem [:x | [:y |

stant: 1 emp: 0 p:0 X + one] Ay + one]
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Continuations

A Closure/Lambda

* an anonymous function
* an objectthat can be evaluated
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Continuations

A Closure/Lambda

* an anonymous function
* an objectthat can be evaluated

1 argument

- greeting
* code

- greeting , ' ' , name
* context

- {#name -> ‘Tim’}
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Continuations

A Program

13 14 15

<76> <68> <10>

pushCon | popintoT | pushTem [:x | [:y |

stant: 1 emp: 0 p:0 X + one] Ay + one]
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Continuations

A Program

13 14 15

<76> <68> <10>
pushCon | popintoT | pushTem
stant: 1 emp: 0 p:0

fax |

X + one]

[:y |

A~y + one]
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Continuations

A Program

13 14 15

<76> <68> <10>
pushCon | popintoT | pushTem
stant: 1 emp: 0 p:0

fox |

X + one]

[:y |

A~y + one]
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Continuations

A Program

13 14 15

<76> <68> <10>
pushCon | popintoT | pushTem
stant: 1 emp: 0 p:0

fox |

X + one]

[:y |

A~y + one]
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Continuations

A Program
13 14 15 16
<76> <68> <10> <7C>
pushCon | popintoT | pushTem | returnTop
/—) stant: 1 emp: 0 p:0
makeOne
—
17 18 19 20 21 22 23
<76> <68> <70> <D0> <10> <B0> <7C>
pushCon | popintoT | self send: pushTem | send: + returnTop
/-) stant: 1 emp: 0 makeOne | p: 0
make Two
‘ﬁ_\\
17 18 19 20 21 22 23
<76> <68> <70> <DO0> <10> <B0> <7C>
pushCon | popintoT | self send: pushTem | send: + returnTop
stant: 1 emp: 0 makeTwo | p: 0
make Three

Software Architecture Group (www.hpi.uni-potsdam.de/swa) 2006-2012




Continuations

A Program
13 14 15 16
<76> <68> <10> <7C>
pushCon | popintoT | pushTem | returnTop
/—) stant: 1 emp: 0 p:0
makeOne
e ———

/->

make

makeThree

WO

 ——

17

<76>

pushCon
stant: 1

18

<68>

popintoT
emp: 0

19
<70>

self

20
<D0>

send:
makeTwo

21
<10>

pushTem
p:0

22
<B0>

send: +

23
</C>

returnTop
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Continuations

A Continuation

e relfication of the execution state in form similar to a
closure

— expects one argument
— points to a code offset
— carries the creation context

« contrary to a closure, a continuation returns from the
original creation site, not to the caller

» simple form: exceptions, setjmp/longjmp
— only from lower stack levels
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Continuations

GOTO, Exceptions, Tall-recursion, Backtracking

DEMOS

Software Architecture Group (www.hpi.uni-potsdam.de/swa) 2006-2012



Continuations

Applications

* co-routines

» co-operative multi-tasking
 generators

 |terators

» Wworker queues

* parsers

 compillers

» state-machines
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Continuations

Higher-level Applications

o

2

[yes]

S ea S I d e ( get contnuation from LRUCache )
v

Colour ( restore states )

GM

Reject Size

Prolog

type?

_ WARedirectContinuation
Eig Srnall [r i

Allow Shape

Square Round

Allow Reject

Distributed S~ _
COmPUtlng Eé:*':’ GEmStunE l

Smalltalk

Application
Server
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Continuations

Distributed Computing

» Distributed processing
 Central work queue

N
&2

Unit 1

N
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Distributed Computing

» Distributed processing
 Central work queue

N

<=

| Unit 1
Processing starts

N
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Distributed Computing

» Distributed processing
 Central work queue

N

<=

| Unit 1
Processing starts

L ocal resources
turn out to be
Insufficient

N
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Continuations

Distributed Computing

» Distributed processing
 Central work queue

. J

&7 &P
_ Unit 1 Unit 2
Processing starts ]

Fy J

Unit 2 has resources
and continues

L ocal resources
turn out to be
Insufficient

vV
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Continuations

Distributed Computing

» Distributed processing
 Central work queue

N

<=

| Unit 1
Processing starts

L ocal resources
turn out to be
Insufficient

N

&
Uit 2

Unit 2 has resources
and continues

A high priority task
Interrupts processing

oo
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Distributed Computing

» Distributed processing
 Central work queue

)

_ Un|t 1
Processing starts

L ocal resources
turn out to be
Insufficient

N

[ w)

N2

Unit2
Unit 2 has resources
and continues

A high priority task
Interrupts processing

oo

Software Architecture Group (www.hpi.uni-potsdam.de/swa) 2006-2012

[QIU

n|t2

crf?'

Processing continues
when system is idle
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Continuations

Conclusions

» Continuations are more powerful than closures or
exceptions alone

e GOTO is still considered harmful

» With great power comes great responsibllity
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